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PROCESS AND APPARATUS FOR 
IRRADIATING FLUIDS 

This is a continuation of application Ser. No. 09/857,880, 
?led on Jun. 12, 2001, noW abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to a process and an appa 
ratus for subjecting ?uids to irradiation by high intensity 
ultrasound. 

If a liquid is subjected to a high ultrasonic intensity, that 
is to say an intensity greater than about 0.3 W/cm2 at a 
frequency typically in the range 10 kHZ to 100 kHZ, then 
there is a signi?cant deposition of energy into the liquid 
through attenuation and non-linear effects. This may lead to 
physical changes (for example streaming, mixing, or emul 
si?cation) or to chemical changes, and the present invention 
is principally concerned With the latter, Which may be 
referred to as sonochemistry. The most signi?cant 
sonochemical effects are usually associated With cavitation 
in the liquid, especially transient vaporous cavitation, Which 
typically only occurs at an ultrasonic intensity above a 
threshold Which is typically above 0.3 W/cm2 and is differ 
ent for different liquids. 
An apparatus for subjecting a liquid to a very high 

intensity is described in GB 2 243 092 B (UKAEA), in 
Which a transducer is attached to one end of a tapered 
resonant coupler, the coupler having a nodal ?ange; this 
?ange is attached to a sleeve projecting from the Wall of a 
pipe containing the liquid, and the spade around the sides 
and end of the coupler Within the sleeve is ?lled With a 
coupling liquid such as olive oil. The use of such a nodal 
?ange mounting enables a transducer of higher poWer to be 
used, but the apparatus is someWhat complex. It has also 
been suggested, for example in US. Pat. No. 4,433,916 
(Hall), to attach a plurality of acoustic transducers directly 
to the Wall of a cylindrical vessel containing a ?uid, With a 
speci?ed phase difference betWeen the acoustic signals 
applied to adjacent transducers. Similarly, US. Pat. No. 
4,369,100 (Sawyer) describes attaching ultrasonic transduc 
ers to the outer Wall of an annular duct so that both the inner 
and outer Walls are set in resonance. And US. Pat. No. 
2,578,505 (Carlin) also describes a pipe With several trans 
ducers attached to the surface arranged in one or more 
circumferential rings. 

BRIEF SUMMARY OF THE INVENTION 

According to the present invention there is provided an 
apparatus for subjecting a ?uid to irradiation by high inten 
sity ultrasound, the apparatus comprising a generally cylin 
drical vessel, and a multiplicity of ultrasonic transducers 
attached to a Wall of the vessel in an array that extends both 
circumferentially and longitudinally so as to radiate ultra 
sonic Waves into a ?uid in the vessel, the vessel being large 
enough that each transducer radiates into ?uid at least 0.1 m 
thick, each transducer being connected to a signal generator 
arranged so that the transducer radiates no more than 3 
W/cm2, the transducers being su?iciently close to each 
other, and the number of transducers being su?iciently high, 
that the poWer dissipation Within the vessel is at least 25 
W/litre but no more than 150 W/litre. 

The values of poWer given here are those of the electrical 
poWer delivered to the transducer or the transducers, as this 
is relatively easy to determine. There Will inevitably be 
losses in converting electrical to acoustic poWer, and in 
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2 
transmitting the acoustic poWer from the transducer into the 
?uid Within the vessel, but these are di?icult to assess 
accurately. The transducer typically is at least 90% e?icient 
in converting electrical to acoustic poWer. 
The poWer radiated by each transducer may for example 

be in the range 1-2 W/cm2. This is a similar poWer intensity 
to that used in ultrasonic cleaning baths, and is above the 
threshold required to achieve cavitation. The resonant ultra 
sonic coupler With a nodal ?ange (as described in GB 2 243 
092 B) can achieve signi?cantly higher poWer intensities, 
for example radiating more than 10 W/cm2, but the loWer 
intensity ultrasound generated by the present invention can 
propagate much further through a liquid, and the stresses in 
the transducers are much less. 
The thickness of ?uid into Which each transducer radiates, 

that is the Width or diameter of the vessel, is preferably no 
more than 1.2 m, and in a preferred embodiment the vessel 
is cylindrical of diameter in the range 0.2 to 0.6 m, such as 
0.3 m. 

Preferably the number of transducers, the poWer of the 
transducers, and the volume of the vessel are such that the 
poWer density is betWeen 40 and 80 W/ litre, more preferably 
betWeen 60 and 70 W/litre. Although this does not produce 
such high poWer densities as can be achieved With an 
irradiator as described in GB 2 243 092 (UKAEA), it 
enables a larger volume to be irradiated and With greater 
uniformity, at su?icient intensity to cause cavitation; this is 
partly because very high cavitation levels near the vessel 
Wall can have the effect of shielding parts of the ?uid further 
from the Wall. 

In a preferred embodiment the vessel is double Walled, the 
transducers being attached to the outer Wall, the ?uid to be 
treated being enclosed Within the inner Wall, and the space 
betWeen the tWo Walls being ?lled by a loW attenuation 
bulfer liquid Whose cavitation threshold is above that of the 
liquid to be treated. 
The Width of the gap betWeen the tWo Walls is desirably 

equal to a quarter Wavelength in the coupling liquid (Which 
for a frequency of 20 kHZ Would be about 18 mm), or an 
odd-numbered multiple of that distance, to optimise the 
matching of impedance. 

In one embodiment some of the transducers are energiZed 
at one frequency and other transducers at a different fre 
quency, for example at 20 kHZ and at 40 kHZ. This can be 
very effective at causing cavitation and energy deposition 
Within a ?uid. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

The invention Will noW be further and more particularly 
described, by Way of example only, and With reference to the 
accompanying draWings in Which: 

FIG. 1 shoWs a longitudinal sectional vieW through an 
irradiator apparatus; 

FIG. 2 shoWs a longitudinal sectional vieW through an 
alternative irradiator apparatus; and 

FIG. 3 shoWs a sectional vieW on the line 3-3 of FIG. 2. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1 an irradiator 10 incorporates a stain 
less-steel duct 12 of internal diameter 0.31 m and of Wall 
thickness 2 mm. To the outside of the Wall are attached sixty 
transducer nodules 14 closely packed in a square array. Each 
transducer module 14 comprises a 50 W pieZoelectric trans 
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ducer 16 Which resonates at 20 kHZ, attached to a conically 
?ared titanium coupling block 18 by Which it is connected 
to the Wall, the Wider end of each block being of diameter 
63 mm. The transducers modules 14 are arranged in ?ve 
circumferential rings each of tWelve modules 14, the centres 
of the coupling blocks 18 being on a square pitch of 82 mm. 
The irradiator 10 also incorporates ?ve signal generators 20 
(only one is shoWn) each of Which drives all the transducers 
16 in a ring. All the transducers 16 are activated at 20 kHZ. 

In use of the irradiator 10, a liquid is caused to ?oW 
through the duct 12 and each transducer 16 activated. Each 
transducer 16 radiates 50 Watts over a circle of diameter 63 
mm, that is an intensity of 1.6 W/cm2. The energy from all 
the transducers 16 is dissipated over the cylindrical volume 
of the duct 12, that is to say over a volume of about 31 litres 
(that is the volume enclosed by the array of transducer 
modules 14), so the poWer density is about 97 W/litre, or 
about 80 W/litre if the ultrasonic irradiation is also effective 
40 mm beyond each end of the array of transducer modules 
14. 

In one modi?cation, three of the rings of transducers 16 
are as described above, While the other tWo rings resonate at 
40 kHZ and are driven at that frequency (the rings being of 
alternate frequency along the duct 12). The poWer intensity 
and poWer density are as described earlier, but the ?uid is 
consequently exposed simultaneously to tWo different fre 
quencies generating cavitation. This can produce more 
effective sonochemical results. 

Referring noW to FIGS. 2 and 3 there is shoWn an 
alternative irradiator 30 Which has many features in common 
With that of FIG. 1. The irradiator 30 includes a generally 
cylindrical duct 32 of polytetra?uoroethylene (PTFE) of 
internal diameter 0.31 m and of Wall thickness 3 mm, Which 
tapers at each end doWn to an internal diameter of 0.10 m 
and a Wall thickness of 6 mm provided With a ?ange 33 for 
connection to other process ducts (not shoWn), and has a 
sealed joint 34 for inspection or cleaning purposes. Around 
the outside of the duct 32 is a concentric stainless-steel steel 
tube 35 of Wall thickness 1 mm and of external diameter 
0.354 m, such that there is a gap 36 ofWidth 18 mm betWeen 
the duct 32 and the tube 35. Sixty transducer nodules 14 are 
attached to the outer surface of the tube 35 in a rectangular 
array forming ?ve rings of tWelve, the spacing betWeen the 
centers of the coupling blocks 18 being 82 mm parallel to the 
longitudinal axis of the tube 35 and 92.7 mm circumferen 
tially. The array of transducers 14 is enclosed by an acoustic 
shield 38. A coupling liquid such as olive oil 40 is used to 
?ll the gap 36 and is re-circulated from a reservoir 42 by a 
pump 44. This coupling liquid has a higher thteshold for 
cavita Lion than Water, and has an impedance Which is 
betWeen that of the titanium coupling block 18 and that of 
the ?uid Within the duct 32 (typically mainly Water, or an 
industrial solvent); at a frequency of 20 kHZ the Wavelength 
of the sound in this oil is 72 mm, so that the gap 36 is of 
Width equal to a quarter of the Wavelength. 

In use of the irradiator 30, a liquid is caused to ?oW 
through the duct 32 and each transducer 16 is activated by 
a poWer supply (not shoWn) at 20 kHZ. The dissipated poWer 
intensity and poWer density are as described in relation to 
FIG. 1. The impedance matching provided by the oil in the 
gap 36 alloWs more of the applied poWer to enter the ?uid 
Within the duct 32 While reducing erosion at the inner, 
irradiating, surface of the tube 35. 

It Will be appreciated that the poWer intensity in the 
irradiator 30 may be increased by increasing the numbers of 
transducer modules 14 in each ring. For example there might 
be sixteen transducer modules 14 in each ring, if the 
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4 
coupling blocks 18 Were arranged on a circumferential 
spacing of 69.5 mm. This Would increase both the poWer 
density and the poWer intensity by 33 percent. It Will also be 
appreciated that the duct 32 can be of any material suited to 
the liquid being processed, and that it may form part of a 
pressure vessel. It Will also be appreciated that the duct 12 
or 32 need not be cylindrical but might for example be of 
square cross-section. 

Furthermore the ultrasonic frequencies or frequencies 
might be different from those described above, and might be 
as high as 140 kHZ or even 200 kHZ, as such high frequen 
cies tend to reduce the risk of cavitation erosion. 
The invention claimed is: 
1. An apparatus for subjecting a ?uid to irradiation by 

high intensity ultrasound, the apparatus comprising a gen 
erally cylindrical vessel, and a multiplicity of ultrasonic 
transducer means for radiating ultrasonic Waves at a fre 
quency above 10 kHZ into a ?uid in the vessel, said 
transducer means being attached to an outer Wall of the 
vessel in an array that extends both circumferentially and 
longitudinally, characterized by the vessel being large 
enough that each of said multiplicity of ultrasonic transducer 
means radiates into ?uid at least 0.1 m thick, each of said 
transducer means being connected to a signal generator 
means for radiating no more than 3 W/cm2, each of said 
transducer means being su?iciently close to each other, and 
the nunber of said transducer means being su?iciently high, 
that the poWer dissipation Within said vessel is at least 25 
W/liter but no more than 150 W/liter. 

2. An apparatus as claimed in claim 1 Wherein the poWer 
radiated by each of said transducer means is in the range 1-2 
W/cm2. 

3. An apparatus as claimed in claim 1 Wherein the niunber 
of said transducer means, the poWer of each of said trans 
ducer means, and the volume of the vessel are such that the 
poWer density is betWeen 40 and 80 W/litre. 

4. An apparatus as claimed in claim 1 Wherein the vessel 
is double Walled, With an inner Wall and an outer Wall With 
a space betWeen them, said transducer means being attached 
to the outer Wall, the ?uid to be treated is enclosed Within the 
inner Wall, and the space betWeen the tWo Walls is ?lled by 
a loW attenuation butter liquid Whose cavitation threshold is 
above that of the liquid to be treated. 

5. An apparatus as claimed in claim 1 comprising a 
plurality of said ultrasonic signal generator means, each 
signal generator means being arranged for energiZing a 
separate group of said transducer means. 

6. An apparatus as claimed in claim 5 Wherein, in each 
said group, each of said transducer means are adjacent to 
each other. 

7. An apparatus as claimed in claim 6 Wherein at least one 
group of said transducer means resonates at a different 
frequency to other groups of said transducer means, and 
each signal generator means is arranged for energiZing the 
respective group of said transducer means at their resonant 
frequency. 

8. An apparatus as claimed in claim 5 Wherein said 
transducer means are disposed in groups and at least one 
group of said transducer means resonates at a different 
frequency to other groups of transducer means, and each 
signal generator means is arranged for energiZing the respec 
tive group of the transducer means at their resonant fre 
quency. 

9. An apparatus as claimed in claim 1 Wherein each 
transducer means is attached to the outer Wall by a coupling 
block Which ?ares along its length and has its largest 
cross-sectional area Where it contacts the Wall. 
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10. A method for subjecting a ?uid to irradiation by high 
intensity ultrasound, said method comprising the steps of: 

selecting a generally cylindrical vessel having a diameter 
greater than 0.1 m; 

attaching a multiplicity of ultrasonic transducer means to 
the Wall of the vessel in an array that extends both 
circumferentially and longitudinally; 

enclosing the ?uid Within the vessel; 
connecting each transducer to a signal generator, and 
energiZing the transducers so that ultrasonic Waves at a 

frequency above 10 kHZ are radiated into the ?uid 
Within the vessel, 

the improvement Wherein each transducer means is 
arranged for radiating at a poWer intensity adjacent to 
the Wall no more than 3 W/cm2, and Wherein said 
transducer means are su?iciently close to each other 
and the number of transducers are su?iciently high for 
limiting poWer dissipation Within the vessel betWeen at 
least 25 W/liter to no more than 150 W/liter. 

11. A method as claimed in claim 10 Wherein the poWer 
radiated by each of said transducer means is in the range l-2 
W/cm2. 

12. A method as claimed in claim 10 Wherein the number 
of transducer means, the poWer of the transducers, and the 
volume of the vessel are such that the poWer density is 
betWeen 40 and 80 W/liter. 

13. A method as claimed in claim 10 Wherein the vessel 
is double Walled With an inner Wall and an outer Wall With 
a space betWeen them said transducer means being attached 
to the outer Wall, the ?uid to be treated is enclosed Within the 
inner Wall, and the space betWeen the tWo Walls is ?lled by 
a loW attenuation bu?‘er liquid Whose cavitation threshold is 
above that of the liquid to be treated. 

14. A method as claimed in claim 10 including the step of 
providing a plurality of ultrasonic signal generators, each 
signal generator being arranged to energiZe a separate group 
of said transducer means. 

15. Amethod as claimed in claim 14 Wherein, in each said 
group, said transducer means are adjacent to each other. 
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16. A method as claimed in claim 15 Wherein at least one 

group of said transducer means resonates at a different 

frequency to other groups of said transducer means, and 
each signal generator is arranged to energiZe the respective 
group of transducer means at their resonant frequency. 

17. A method as claimed in claim 14 Wherein at least one 

group of transducer means resonates at a different frequency 
to other groups of said transducer means, and each signal 
generator is arranged to energiZe the respective group of the 
transducer means at their resonant frequency. 

18. A method as claimed in claim 10 including the step of 
attaching each transducer means to the Wall of the vessel 
With a coupling block Which ?ares along its length and has 
its largest cross-sectional area Where it contacts the Wall. 

19. An apparatus for subjecting a ?uid to irradiation by 
high-intensity ultrasound, the apparatus comprising a gen 
erally cylindrical vessel, and a multiplicity of ultrasonic 
transducers attached directly to the outside of a Wall of the 
vessel in an array of separate transducers that extends both 
circumferentially and longitudinally for irradiating ultra 
sonic Waves at a frequency above 10 kHZ into a ?uid in the 
vessel, Wherein the vessel is large enough that each trans 
ducer radiates into ?uid at least 0.1 m thick, each transducer 
being connected to a signal generator means arranged so the 
transducer radiates no more than 3 W/cm2, the transducers 
being su?iciently close to each other, and the number of and 
proximity to each other of the transducers being such that the 
poWer dissipation Within the vessel from said multiplicity of 
transducers is at least 25 W/liter but no more than 150 
W/liter. 

20. An apparatus as claimed in claim 19 Wherein each 
transducer means is attached to the outside of the Wall by a 
coupling block Which ?ares along its length and has its 
largest cross-sectional area Where it contacts the Wall. 


